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TEST SYSTEM FOR INTEGRATED CIRCUITS 



Field of the Invention 



The present invention is generally related to testing systems for integrated 
circuits. It is also related to systems for parallel testing integrated circuit chips. It is more 
specifically related to an in-transit test system for testing application specific integrated 
circuits (ASICs). 



Application specific integrated circuits (ASICs) are customized circuits which are 
generally produced in limited numbers. Testing such circuits present problems because 
of the unique role each different ASIC batch is designed to perform. 

More specifically, the design for an ASIC is usually supplied to a semiconductor 
foundry which manufactures individual chip packages. The chip packages are then to 
shipped to a different location such as a module build house, which packages the chips. 
The packaged chips are then shipped to a different location, usually back to the original 
foundry, to be tested. After being tested the non-defective chips are shipped to a different 
location such as the system house for system assembly. 

The extra processing required to test the ASIC adds substantially to the cost of the 
product being produced and increases the time that it takes to bring a product to market. 
Further, conventional testing mechanisms generally comprise large multi-million dollar 
testing operations which are capable of performing the varied testing that the uniquely 
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functioning ASICs require. Therefore, there is a need to reduce the time and resources 
devoted to testing ASIC products. 

Summary of the Invention 

It is therefore an object of the present invention to provide a scheme for testing a 
plurality of integrated circuits at one time. 

It is another object of the present invention to provide test stimuli in parallel to a 
plurality of chips circuits and to compare outputs of all chips in a single step as an 
indication of passing or failing. 

It is yet another object of the present invention to distinguish passing and failing 
chips by comparing chip output data with data from a golden chip. 

These and other objects of the invention are accomplished with a tester for testing 
a plurality of chips that comprises a test control device. The test control device turns on at 
least one test engine to provide test signal to the plurality of chips in parallel. A checking 
circuit compares output signal of the plurality of chips with each other. A golden output 
signal is used to replace defective output signal from a failing chip. The circuit is located 
local to said chips. 

A control device verifies the functionality of each chip and records passing or 
failing chips. In one embodiment, the test control device operates while the tester is in 
transit. The checking circuit compares all the chips with each other. The tester also 
includes a visible indicator showing the passing or failing chips. The visible indicator 
could be a light or a register. 
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The chips are tested simultaneously and the outputs of the chips are compared to 
each other. Sockets for holding and contacting the chips, the test control device, the test 
engine, and the checking circuit can all be on a single card. Multiple cards can also be 
used. The test engine includes a BIST engine or read only memory with stored test 
patterns. 

Another embodiment of the invention is a device for transporting integrated 
circuit chips that includes a test circuit connected to the integrated circuit chips. The test 
circuit tests the integrated circuit chips during transport. The device includes a power 
supply connected to the test circuit and an indicator for identifying which ones of the 
integrated circuit chips failed the testing. The indicator could be a memory such as a 
register or an LED. The test circuit includes a control device and connections between 
the control device and the integrated circuit chips. 

Yet another embodiment of the invention is a method for testing integrated circuit 
chips which includes transporting the integrated circuit chips, testing the integrated 
circuit chips, supplying power to a test circuit connected to the integrated circuit chips 
during the transporting, and identifying which ones of the integrated circuit chips failed 
the testing. The identifying includes storing results of the testing in a memory or 
illuminating a light. The testing includes connecting the integrated circuit chips to a test 
circuit within a transportation device. 

Yet another embodiment of the invention is a method of testing an integrated 
circuit chip. The method includes the steps of providing a golden chip; providing test 
patterns for testing the chip under test and for testing the golden chip; and comparing an 
output signal from the chip under test with an output signal from the golden chip to 
determine whether the chip under test passes or fails. 
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The invention provides a substantially simplified system for testing ASIC chips 
because the invention does not need to know the output a given input should produce. 
This is especially important in ASIC chip testing because each different design of ASIC 
chips has a potentially different output for a given input. Further, since the invention 
tests the chips during transit, the testing time does not add to the manufacturing time 
(assuming that the transportation time is longer than the testing time). Thus, the 
invention helps speed ASIC chip products to market by simplifying the testing process 
(and thereby reducing testing time) and by performing the testing during transit to further 
reduce overall processing time. 

In addition, the invention saves test time by providing parallel testing of chips at 
wafer-test or at module test within the factory. 

Brief Description of the Drawings 

The foregoing and other objects, aspects and advantages will be better understood 
from the following detailed description of preferred embodiments of the invention with 
reference to the drawings, in which: 

FIG. 1 is a schematic diagram of a test box comprising test boards of the present 
invention; 

FIG. 2 is a schematic diagram of an in-transit box; 
FIG. 3 is a schematic diagram of a test board; 



BU9-98-062 



4 



FIG. 4a is a schematic diagram of a chip testing arrangement including more 
details of the embodiment illustrated in FIG. 3; 

FIG. 4b is a schematic diagram of a the checker/comparator circuit of FIG. 4a; 

FIG. 5 is a schematic diagram of an alternated embodiment of the chip testing 
arrangement of FIG. 3; 

FIG. 6 is a flowchart representation of the invention; and 

FIG. 7 is a schematic diagram of an altemate chip testing arrangement wherein 
outputs of all chips are simultaneously compared with outputs of a golden chip; 

Detailed Description of the Invention 

The invention includes the ability to test products while in transit. Test box 1 0 is 
shown in FIG. 1, including a plurality of test boards 1 1 connected to power supply bus 12 
which is powered by a battery 13 or alternatively connected to an external power source 
by power leads 14. 

In-transit box 20 that includes multiple test boxes 10 as shown in FIG. 2. FIG. 2 
also illustrates in- transit power bus 21 and power leads 14 supplying power to each 
individual test box 10 that are included in in-transit test box 20. A primary function of 
test box 10 and in-transit box 20 is to supply power to test boards 1 1 so that testing can 
occur during transit, thereby avoiding increasing manufacturing time for testing. 

Test board 1 1 is illustrated in greater detail in FIG. 3. More specifically, test 
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board 1 1 includes sockets into which chips 30 are inserted and control device 31 
connected to each of the circuits through lines 32, 33. Chips 30 are typically packaged 
integrated circuit chips which can be inserted into sockets for providing electrical 
connection. Control device 3 1 is shown in more detail in FIG. 4, and includes output 
MUX 40, checker/comparator 41, test control register 46, test control register mask 
(TCR) 48, and status indicator 44. While a limited number of chips30 and sockets are 
shown in FIG. 3, test board 1 1 could include any number of chip 30 and sockets. 

Control device 31 tests all chips 30 connected to test board 1 1 by applying a 
signal on line 39 to test stimuli generator 34 which sends the test pattern on lines 32 to 
the inputs of all chips 30 in parallel. Chips 30 return output signals to control device 31 
along individual lines from each chip output that make up line 33. Thus, if each chip has 
m outputs, line 33 includes m individual lines from each chip. If there are n chips, line 33 
includes m x n individual lines. Control device 3 1 groups signals from each output from 
all chips and compares these groups of signals in parallel (FIG. 4b). If all return signals 
from corresponding chip output pins are identical, control device 3 1 reports a pass for 
that test stimuli and sends a signal to test stimuli generator 34 to send out the next test 
pattern. When control device 31 detects a difference from the individual lines in output 
line 33 from each chip 30 then it sets a fail condition in control device 31. It then 
proceeds to determine which chip is bad. Once determined as a bad chip, the chip is 
labeled as defective and removed from fiirther testing. 

More specifically, in FIG. 3, during the test, each chip under test 30 is supplied 
with test stimuli from test stimuli generator 34 along signal lines 32, as shown in FIG. 3. 
Test stimuli generator 34 can be a BIST engine and/or it can be test pattems supplied 
from a memory source, such as a RAM or a ROM. As a result of the test stimuli, each 
chip under test will respond on its own individual output lines. The lines from all chips 
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are designated in FIG. 3 as output line 33 which carry test resuhs from corresponding 
outputs of all chips to controller 3 1 . If every chip is good, then each set of individual lines 
from corresponding outputs of each chip in output line 33 will have identical values. 
Control device 31 doing the comparison would find all good chips. If some chips are 
bad, some values on a line in output line 33 would be different from other signals from 
corresponding outputs of other chips that arrive in parallel. 

In one embodiment, visual indicator 35 is provided for each chip 30, which is 
connected to the control device 3 1 by line 36, to indicate to the operator which chips 
passed and which chips failed during the testing process. Visual indicator 35 can be a 
light emitting diode (LED), for example. The defective chips could be discarded or 
returned to the previous processing area (e.g., left on the test board) for evaluation. 



KQ. 4 illustrates more details about test stimuli generator 34 and control device 
31 in FIG. 3rT^t^tijnuli generator 34 is a source of test patterns, such as built in self test 
(BIST) engine 42 and seed^att^s 43. Control device 31 includes MUX 40, exclusive 
NOR (XNOR) checker/comparator 4l7^l>klen chip 37, test control register (TCR) mask 
48, and status indicator 44. BIST engine 42 usestH&^se^pattems 43 to produce the test 
stimuli. The number of XNOR checker/comparators 41a to 4Ttn>sis equal to the number 
of outputs m each chip has, as shown in FIG. 4b. Each XNOR checKfei:(comparator 41a- 
41m, is n-way, where n is the number of sockets for holding chips to be test^. 

Seed pattem 43 can be stored in ROM or generated by a logic circuit. The output 
from BIST engine 42 is supplied to each of the chips 30 via input line 32. Outputs "a" 
from all n chips 30 extend through MUX 40a to 40n to XNOR 41a (FIG, 4b) of XNOR 
41 along individual lines 33a to 33n of line 33. Signals along these n lines are checked for 
matching in XNOR 41a. Checker comparator 41 includes all the XNOR gates for 
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corresponding output lines from each chip in line 33 plus an OR gate that passes through 
any defect information from any of these XNOR outputs, as shown in FIG. 4b. The 
output of checker comparator 41 would be an off state, i.e. zero, if all corresponding 
outputs on line 33 are the same. If one or more outputs differ, then the output of checker 
comparator 41 on line 45 is reversed, and goes to an on state, i.e. 1. Thus, the presence of 
a single defect in data from one output on one chip is determined by the presence of a 1 
on line 45. 

If output line 45 indicates a fail, then test board 1 1 includes one or more bad 
chips. To determine which of chips 30a to 30n being tested is defective, the following 
process is used to isolate a bad chip or bad chips and to replace data from that bad chip 
with known good data from golden chip 37. 

Test control register 46 switches MUX 40a to turn off signal from chip 30a of the 
array of chips 30. The signal to checker/comparator 41 from chip 30a is replaced with 
signal to MUX 40a from golden chip 37 that is provided along line 54 under the control 
of select line 47 from test control register 46. Since golden chip 37 is guaranteed to 
provide a passing test result, MUX 40a will certainly now generate a passing result. If 
chip 30a was the only defective chip, then all inputs to checker/comparator 41 will now 
match and line 45 will report a 0 or pass. In that case, chip 30a has been identified as the 
failing chip; it is permanently replaced by golden chip 37 and marked by status indicator 
44 and TCR mask 48 as being a bad chip. If line 45 does not go to a pass, then the test 
control register 46 then switches MUX 40a and MUX 40b to turn off signal from chips 
30a and 30b of the array of chips 30 and to replace their data with data from golden chip 
37. Data to each MUX 40a to 40n is sequentially replaced with data from golden chip 37 
and the test results are re-sampled until output line 45 goes to a pass status. The last 
MUX, for example MUX 40e, which is turned off before the pass status is achieved must 
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have been connected to a defective chip, in this case chip 30e. Once failing chip 30e has 
been detected a register bit corresponding to defective chip 30e in TCR mask 48 is turned 
on to permanently identify chip 30e as failing. This register bit permanently replaces 
signal to its MUX 40e from that failing chip 30e with signal from golden chip 37 and 
permanently sets the status indicator for chip 30e as a fail. 



The system allows identification of more than one failing chip. Once the last 
failing chip has been isolated, line 45 will show passing as described above. Now all 
previously good isolated chips 30 (those not previously identified as failing in the TCR 
mask) are reenabled by their corresponding output MUX 40 as controlled by line 47 from 
test control register 46. The process is repeated to determine whether other chips 30 are 
failing for the current test stimuli and to identify those chips. 

£ TCR mask 48 and status indicator 44 are written to keep MUX 40 of a 
defective chip cbimected to golden chip 37 through line 49. TCR 46 permanently selects 
golden chip data through-Aat MUX 40 that was connected to the defective chip for the 
remaining portion of the test u^ng output line 49 from TCR mask 48. From that point on, 
TCR mask 48 locks the status bit of the de^ctive chip in the status indicator 44. In this 
manner, as each failing chip is identified, it is isotat^, marked, removed from any further 
testing, and its data replaced by data from golden chip J7\ 

Thus, while the test is underway, test control register 46 enables MUX 40 with an 
individual control signal along control signal bus 47 for each of the n chips under test. In 
this manner, test control register 46 allows the output signals from all chips to propagate 
to checker/comparator 41 to compare signals with all other test chips. If all the chips pass, 
meaning that all their corresponding outputs are at the same logic value, the output of the 
checker 41 would be "pass." 



BU9-98-062 



9 



# 



# 



The test results are stored in status indicator 44, which may be a simple array of 
LEDs or a memory chip which can be queried electronically at the system house. Thus, 
as with the structure shown in FIG. 3, a visual indicator could identify the defective chips 
or status indicator 44 could be downloaded to a test computer. The test computer could 
read onboard status indicator 44 to download the results of the in-transit testing. The 
good chips would go onto the next stage of assembly, while the bad chips would be 
discarded or sent back to the chip provider. 

In an alternate embodiment, each XNOR checker/comparator 41, is n+l-way, 
where n is the number of sockets for holding chips to be tested, and the additional input 
to XNOR checker/comparator 41 comes from golden chip 37. This allows identification 
of a defect on line 45 even if all chips (except golden chip 37) are defective in exactly the 
same way. 

Additional features that can be added to test board 1 1 are illustrated in FIG. 5. 
Instructions stored in memory 50 such as a clock signal or test patterns, etc. are supplied 
to the chips 30 in addition to (or as an alternative to) patterns from BIST engine 42. 
Memory 50 can be a RAM, a ROM, or any other storage medium. For example, the 
product under test may be a microprocessor, and specific product application code stored 
in memory 50 can be run in addition to patterns generated by BIST engine 42. 

During high speed testing, output of all chips 30 can be stored in memory 53. 
High speed testing is preferably done one chip at a time but can be done in parallel. At 
any time, test control register 46 could check memory 53 using comparator 57 to compare 
test data stored in memory 53 with golden data stored in golden pattern memory 58. 
Golden data in golden pattern memory 58 was generated from previous controlled 
experimental testing, from simulation, or directly from golden chip 37 during testing. If 
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the contents of memory 53 are different than the contents of golden memory 58, the 
process described above using golden chip 37 is used to determine which chip is 
defective. Once a failing chip is isolated, it is removed from further testing, and marked 
as a fail. 

In addition to providing for testing during transport, the invention saves test time 
by providing parallel testing of chips at wafer-test or at module test within the factory. 
For wafer test, a test fixture, such as those known in the art for multi-die testing or for 
wafer-level bum-in, can be provided that contacts a large number of chips or all chips on 
the wafer simultaneously. The circuit described herein above is provided locally to the 
wafer on that test fixture or wafer interface board. Thus, by providing the golden signal 
for compare local to the chips being tested the number of tester chaimels needed for 
multiple chip testing is sharply reduced. Preferably that golden output signal is provided 
by a golden chip running simultaneously with the chips under test. It can also be provided 
from memory connected to the wafer or module test board. By providing a local compare 
all outputs of each chip can be measured, a significant advantage over testers that reduce 
pin count to each chip to limit the number of tester channels, 

FIG. 6 is a flowchart illustrating an embodiment of the invention. Block 60 
represents the start of the process. The status indicator is initialized to indicate that all 
chips are good in block 61. Test patterns from test stimuli generator 34, RAM 50 and/or 
BIST engine 42 are applied to chips 30 in block 62. Checker/comparator 41 monitors the 
signal returned from test chips 30 and defects found on line 45 are noted in status 
indicator 44, as shovra in block 62. Whether all chips passed or not, the state of line 45 is 
determined in block 63. If they did not all pass, the failing chip is isolated and its data is 
replaced by data from golden chip 37 by sequentially replacing connection in MUX 40 
from its chip with connection to golden chip 37, as shown in block 64. As each MUX is 
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disconnected from its chip, and the defective signal continues to be present, block 65 will 
return the process to isolate the next chip by sequentially disconnecting connection in the 
next MUX to its chip, as shown in the no response to block 65. When disconnecting 
MUX 40 from its chip finally produces a passing signal, the status indicator 44, TCR 
mask 48, and/or LED 35 record the previously isolated chip as defective, as shown in 
item 66. All other isolated chips are then turned on again in block 69 and the process 
resumes at block 62 with application of patterns and monitoring of pass/fail line 45. If all 
chips are now good, in block 63, whether or not additional test patterns should be applied 
is determined in block 67. If so, they are applied in block 62. If not processing is 
completed, and the flowchart terminates at block 68. 

As mentioned above, each batch of ASIC chips has potentially different 
performance parameters from other batches of ASIC chips. This presents special testing 
problems to conventional systems, because the proper output for each different batch of 
ASIC chips must be known before the chips can be properly tested. However, with the 
invention since the chips are merely tested against other chips in the same batch to 
determine if similar output signals are produced, the invention does not need to know the 
specific output a given input should produce. This is true whether the chips are tested 
against other untested neighboring chips or also tested against a known good "golden" 
chip. 

In an alternate embodiment, all chips under test 30 and golden chip 37 are 
simultaneously provided with the test signal along line 32 as shown in FIG. 7. For each 
chip under test 30 all m output signals are simultaneously compared with m 
corresponding output signals of golden chip 37. An array of m 2- way XNOR comparators 
70 is used for the comparison for each of the n chips. The m outputs of the comparators 
70 for each chip are combined in OR gate 72 to determine whether any output of chip 30 



BU9-98-062 



12 



failed the test. If so that chip is identified as a fail by setting TCR mask 48, as described 
herein above. If a chip is identified as a fail in any test, the TCR mask is not reset in 
subsequent testing and remains a fail. A similar scheme can be used at wafer test. 

The invention allows testing to be performed during transportation by using test 
box 10 and self-powered in-transit box 20, as discussed above. When a chip is 
determined to be bad, that information can be maintained in status indicator 44 which can 
be downloaded and viewed when in-transit box 20 arrives at its location. Alternatively, 
the chips or test board may provide a visual indication (such as an indicator light 35) of 
test failure. These test LEDs 35 are placed next to each test chip 30 (FIG.3) and are 
turned on when a failing chip is identified and removed from further testing. Failing chips 
would thereby be easily visible. 

In operation, after the chips are manufactured in the foundry, they could be 
mounted on test board 1 1 and tested during transportation (e.g., on the way to the system 
house). The chips which were determined to be good, would be removed for assembly, 
while chips which were determined to be bad could be returned to the foundry (or some 
other location) in in-transit box 20. This would allow diagnostics to be performed to 
determine the source of the defect. 

Therefore, the invention provides a substantially simplified system for testing 
ASIC chips by not having to know the output a given input should produce. This is 
especially important in ASIC chip testing because each different batch of ASIC chips has 
a potentially different output for a given input. Further, since the invention tests the chips 
during transit, the testing time does not add to the manufacturing time (assimiing that the 
transportation time is longer than the testing time). Thus, the invention helps speed ASIC 
chip products to market by simplifying the testing process (and thereby reducing testing 
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time) and by performing the testing during transit to further reduce overall processing 
time. 

The invention provides the benefit of eliminating chip tests at the receiving site 
because the parts are tested during the transit stage. Upon unpacking the chips, only fully 
tested/passing chips would be used for the next phase of card assembly. 

Further, with the invention, more test patterns can be applied than would be 
allowed during the normal manufacturing process. Currently, the test time for each chip 
cannot be long, since the parts need to be shipped to the customer as soon as possible. 
However, since testing is now done in transit which can be hours (or even days), more 
chip test time is available, so many more patterns can be applied and test coverage 
correspondingly increased. Also different temperature/voltage combinations may be used, 
so that once the parts reach the final destination, the modules have had far more rigorous 
testing. This results in higher reliability, reduces in house manufacturing test time and 
reduces the overall cost by reducing the need for manufacturing testers. 

While several embodiments of the invention, together with modifications thereof, 
have been described in detail herein and illustrated in the accompanying drawings, it will 
be evident that various further modifications are possible without departing from the 
scope of the invention. Nothing in the above specification is intended to limit the 
invention more narrowly than the appended claims. The examples given are intended 
only to be illustrative rather than exclusive. 

What is claimed is: 
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